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CHAPTER 1. GENERAL INTRODUCTION 
Introduction 
Corn is the most important crop in the United States and has an important role in the 
country's economy. Yields have increased approximately five times in the 20'n
century and about half of this increase is due to genetic improvement (Tiefenthaler 
and Goldman, 2003). Seed companies are responsible for almost all development of 
commercial hybrids that can produce high yields (Duvick & Gassman, 1999). 
However, in order to achieve high yields with lower costs conventional agriculture 
relies on the high consumption of non-renewable inputs such as fossil fuel and 
renewable resources at a faster pace than its capacity of regeneration. Excess 
mechanization is causing erosion and the use of synthetic fertilizers and chemicals is 
causing soil and water pollution (Horrigan et. al., 2002). Sustainable agriculture aims 
for the development of technologies with minimal impact to the environment. The 
term sustainability also involves the social and economic aspects of a global system 
v~~here agriculture is the key activity impacting the environment and the food system 
(Horrigan et al., 2002). Conventional agriculture is taking agriculture activity further 
away from sustainability (Kirschenmann, 2003). 
Lewandowski et al. (1999) presents a plan to implement sustainability at the farm 
level. Successful crop production depends not only on technology, but also on 
climate, soil and living organisms. The authors emphasize the important effects of 
farming operations on the ecosystem, which are vital for the achievement of a 
sustainable activity. Farms that achieve sustainability do not detrimentally affect the 
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ecosystem. These farms are improved over the years, and are able to increase 
production to the same level of conventional systems with greater benefits generated 
by sustainable crop practices and rotations (Delate & Cambardella, 2004). Ikerd 
(2000) spoke of the importance of farmers who adopt a sustainable farming system 
at a farm conference focusing on sustainability. Farmers using organic, low input or 
similar label improve their quality of life, guarantying profitability of the land now and 
for future generations. He states that producers marketing their products directly to 
local consumers in niche food markets can reduce their cost by 80% compared to 
selling their products to mass food markets (Ikerd, 2003). Horrigan et al. (2002) 
emphasize the efficiency of local marketing to save fossil fuel energy on 
transportation. 
Poudel et al. (2002) describes sustainable systems as low input and organic 
systems. In the low input system, there is a reduction in the amount of synthetic 
fertilizers and chemicals used in farming. But the organic system does not use any 
synthetic products. Organic fertilizers, such as manure, and cultural practices such 
as crop rotation, are used to maintain soil fertility. Sustainable systems are usually 
represented by smaller operations, where integrated systems create and maintain a 
stable cycle of use and renewal of energy (Horrigan et al., 2002). Bettiol et al. (2002) 
compared the effects of organic and conventional cropping systems cultivated with 
tomato and corn on soil organism. They concluded that there was not a significant 
difference in rates o~ organic matter decomposition between organic and 
conventional systems. However, organic systems have more diversity in species of 
organism and, for this reason, they are more stable. Many beneficial soil organisms 
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can not survive in a conventional system due to their sensitivity to chemical 
pesticides. Delate & Cambardella (2004) also highlighted the importance of a diverse 
biotic environment in soils with improved fertility to decrease the use of off-farm 
inputs such as synthetic fertilizers. The organic system also promotes the presence 
of beneficial insects to control pests. 
Plant breeders are meeting the food industry's and livestock feeders' demands for 
better nutritional quality in the grain by developing new value-added corn varieties 
with improved grain quality, such as higher protein and oil content (Mittelman et al., 
2003). Uribelarrea et al. (2004) found that genotype and nitrogen availability affected 
grain composition. They evaluated grain composition and productivity in maize 
hybrids with a wide divergence in protein content in relation to nitrogen supply. 
Abundant nitrogen supply stimulated protein synthesis in higher protein genotypes, 
and increased yield of the lower protein genotypes. They stated that yield and 
protein content are negatively correlated, even though they both have a positive 
response to nitrogen supply. They suggested that to increase yield of the high 
protein genotypes, selection should be made towards genotypes with a higher 
number of kernels per ear. They also reported a positive relationship between 
protein and oil content in the kernel. 
t~litrogen is an important element of enzymes, chlorophyll, nucleic acids, cell walls 
and plays important roles in other cellular functions in plants. It is also a key nutrient 
for plant growth and crop yield. According to Poudel et al. (2002), the type of 
nitrogen in the soils must be considered because processes such as mineralization, 
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immobilization and nitrification can affect the availability of this nutrient to the plant. 
They concluded that different farming systems need specific management strategies. 
In organic and low-input farming systems, mineralization can negatively affect the 
availability of nitrogen. 
In a discussion paper by van Bueren et al. (1998) about organic plant breeding, they 
emphasized the importance of selecting varieties adapted to low fertility levels, 
especially considering availability of nitrogen. The authors found that in organic 
farming systems, the process of mineralization of nitrogen in the soils during the 
spring kept the available levels of this nutrient very low. This can result in slower 
plant development and lower yields. They concluded that varieties adapted to these 
low nitrogen availability levels must have abundant and aggressive root systems to 
bring up the necessary nutrients. A profuse root system is not necessary for 
varieties adapted to the conventional farming system where nitrogen supply is 
abundant and readily available to the plant. 
The main objective of commercial breeding programs is the selection of high yielding 
materials. Nitrogen availability is not usually an important consideration because 
selection is made in environments where soil fertility does not restrict plant yield 
(Sangoi et al., 2001). Selecting for higher yield unexpectedly has increased the 
efficiency of new hybrids in nitrogen use. However, the adoption of alternative 
capping systems has shown the need for breeding in target environments 
(Cleveland, 2001). The author pointed out that to achieve yield stability, varieties 
must be adapted to these environments with restricted soil fertility. 
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In the past years organic seeds were in short supply and varieties produced in the 
organic system did not have seed quality comparable to farmers' preferred varieties. 
Thus, organic producers were allowed to plant seeds grown under conventional 
systems. However, changes in organic farming regulations of USDA National 
Organic Program (NOP) will mandate farmers to plant seeds produced under organic 
conditions. Organic producers, small seed companies and universities will have to 
support breeding programs for organic seed production in order to introduce into the 
market varieties with insect and pest resistance, higher yield potential and nutritional 
quality (ATTRA Publication, 2005). 
Environmental factors also influence the seed quality attributes such as germination 
and vigor. Munamava et al. (2002) suggested that breeding programs should give 
special attention to the seed quality of the varieties being developed, so that they are 
adapted to the production environment and have good stand establishment. The 
objective of this study was to determine seed quality differences of 20 high protein 
corn genotypes developed for sustainable farming systems, produced under 
conventional and organic systems. 
Thesis Organization 
This dissertation includes one manuscript written according to current requirements 
for scientific journals publication. Chapter 2 presents the research project "seed 
quality of high protein corn lines in organic and conventional systems" abstract, 
objectives, materials and methods used in the study, results and discussion and 
finally the conclusions from seed quality tests. Chapter 3 shows general conclusions 
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about the project. Tables showing different seed quality tests are shown after 
general conclusions. 
References 
Bettiol, W., R. Ghini, J. Galvao, M. Ligo, and J. Mineiro. 2002. Soil organisms in 
organic and conventional cropping systems. Scientia Agricola vol 59 n. 3. 
Cleveland, David A. 2001. Is plant breeding science objective truth or social 
construction? The case of yield stability. Agriculture and Human Values, 18: 251-
270. 
Delate, Kathleen and Cynthia A. Cambardella. 2004. Organic production: 
Agroecosystem performance during transition to certified organic grain 
production. Agronomy Journal 96:1288-1298. 
Duvick, D. N. and K. G. Gassman. 1999. Post-green revolution trends in yield 
potential of temperate maize in the North-Central United States. Crop Science 
39:1622-1630. 
Horrigan, Leo, Robert S. Lawrence, and Polly Walker. 2002. How sustainable 
agriculture can address the environmental and human health harms of industrial 
agriculture. Environmental Health Perspectives, vol 110, 5: 445-456. 
Ikerd, John. 2000. Crisis and opportunity in North American Agriculture. Farm 
conference "Recapturing Wealth on the Canadian Prairies", Brandon, Manitoba, 
October 26-27. 
Ikerd, John. 2003. Why do small farmers farm? small Farm Today magazine, 
September-October edition. 
7 
Kirschenmann, F. 2003. New seeds and breeds for a new revolution in agriculture. 
National Biotechnology Council Annual Conference, Washington State University, 
June 1-3. 
Lewandowski, I., M. Hardtlein, and M. Kaltschmitt. 1999. Sustainable crop 
production: Definition and Methodological approach for assessing and 
implementing sustainability. Crop Science 39: 184-193. 
Mittelman, A., J. B. de Miranda Filho, G. J. M. M. de Lima, C. Hara-Klein, R. T. 
Tanaka. 2003. Potential of the ESA23B maize population for protein and oil 
content improvement. Scientia agricola vo1.60 no.2. 
Munamava, M.R., Susana Goggi, and Linda Pollak. 2004. Seed quality of maize 
inbred lines with different composition and genetic backgrounds. Crop Science 
44: 542-548. 
Poudel, D. D., W. R. Horwath, W. T. Lanini, S. R. Temple, and A. H. C. Van 
Bruggen. 2002. Comparison of soil N availability and leaching potential, crop 
yields and weeds in organic, low-input and conventional farming systems in 
northern California. Agriculture Ecosystems and Environment 90: 125-137. 
Sangoi, L., M. Ender, A. F. Guidolin, M. L. de Almeida, V. A. Konflanz. 2001. 
Nitrogen fertilization impact on agronomic traits of maize hybrids released at 
different decades. Pesquisa agropecuaria brasileira, Brasilia, v. 36, n. 5, p. 757-
764. 
8 
The National Sustainable information Service. By Katherine L. Adam. ATTRA 
Publication. 2005. Seed production and variety development for organic systems. 
Tiefenthaler, A. E. and I.L. Goldman. 2003. Vegetable and Corn Yields in the United 
States, 1900—Present. HortScience, vol. 38, n. 6. 
Uribelarrea M., Fred E. Below and Stephen P. Moose. 2004. Grain composition and 
productivity of maize hybrids derived from the Illinois Protein strains in response 
to variable nitrogen supply. Crop Science 44: 1593-1600. 
Van Bueren, E. T. Lammerts, M. Hulsher, J. Jongerden, M. Haring, J. Hoogendoorn, 
J. D. Van Mansvelt, G. T. P. Ruivenkamp. 1998. Sustainable organic plant 
breeding —subproject 1, discussion paper: defining a vision and assessing 
breeding methods. Louis Bolk Institute, Netherlands. 
9 
CHAPTER 2. SEED QUALITY OF HIGH PROTEIN CORN LINES IN 
ORGANIC AND CONVENTIONAL SYSTEMS 
Yara N. de Geus, A. Susana Goggi, Linda Pollak 
A paper to be submitted to Crop Science 
Abstract 
Seed quality is crucial for a satisfactory crop establishment. It is also an important 
part of the process of breeding for sustainable farming systems, where varieties 
often grow under more difficult conditions than in conventional farming systems. 
Previous research suggests that corn genotypes and the environment where seeds 
are produced have an effect on seed quality. The objective of this study was to 
determine seed quality differences between organic and conventional farming 
systems. Twenty high protein breeding genotypes derived from exotic by adapted 
crosses were planted during two growing seasons in conventional and organic 
nurseries near Ames, Iowa, to produce seeds for laboratory tests. The laboratory 
tests to assess germination and vigor included: standard germination, saturated cold 
test, accelerated aging and soak test. Complementary tests such as fast green and 
electrical conductivity were performed to assess mechanical damage and membrane 
integrity of seeds, respectively. Protein and oil compositions also were analyzed by 
NIR. The standard germination and saturated cold test indicated that genotype and 
environment where seeds were produced affected seed quality. The germination and 
saturated cold test percentages of seeds produced in the organic farming system 
were lower than for seeds produced in the conventional system. The interactions 
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between location and genotype was non significant in 2003 and 2004. These results 
indicate that selection of high seed quality genotypes for the organic system can be 
accomplished in the conventional system. Genotype also influences the protein and 
oil content of the seed. Protein was unaffected by the production environment, but 
oil content depended on environment. The oil content of seeds produced in the 
organic system was significantly higher than in the conventional system. This is 
important when selecting high protein lines in a conventional system as protein 
content will remain high when lines are grown in the organic farming system. 
Introduction 
Modern agriculture uses high levels of input; however, alternative cropping systems 
such as organic and using lower agricultural inpu~s are gaining importance as 
alternatives for mid- and small-size family farms. The premium prices currently paid 
in the market for organically produced commodities offer small-size farmers new 
opportunities for generating profit, achieving sustainability in production and 
minimizing impacts to the environment. While organic products are gaining market 
share, some small seed companies and researchers are concentrating their efforts 
on developing varieties that meet the new organic crop production regulations; that 
organic farmers raise their crops from organically certified seeds (ATTRA 
publication, 2005). 
In any cropping system, seed germination and vigor are the most important attributes 
of seed quality to assure a uniform emergence and a satisfactory stand 
establishment. Many factors can affect germination and seed vigor. McDonald 
(1998) attributed physiological seed quality losses to environmental stress and 
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premature or late harvest. Grain composition also affects seed quality. Previous 
studies determined that there is a significant interaction between environment where 
seeds are grown and genotype in maize lines with different grain composition. 
Inbreds with lower seed protein content had poorer seed quality than higher protein 
lines. Higher protein lines showed better seed quality independently of the 
percentage of oil content in the seed (Munamava et al., 2002). Hoegemeyer & 
Gutormsen (2000) also reported a significant difference in seed vigor due to 
genotype and environment. These studies point to the importance of genotypic 
adaptation to environment. To develop varieties with high seed quality, breeding 
programs must test their materials in multiple environments. 
Most chemical fungicides and insecticides are restricted in organic corn production. 
This restriction forces farmers to manage crops and use cultural practices to reduce 
the impact of diseases, insects and weed pressure. Planting time is usually delayed 
to avoid the wet and cold soils of early spring, which can expose seeds to soil 
pathogens for a long period of time before emergence and, to reduce contamination 
by GMO pollen from conventional farmers. Higher soil temperatures allow faster 
seedling emergence and growth, lowering the risk of stand problems. But late 
planting can have additional adverse consequences, such as an unexpected 
additional delay in planting associated with abundant spring rainfall or the 
occurrence of an early fall frost when seeds are still immature on the plant. These 
problems of late planting are avoided in a conventional cropping system by using 
chemical seed treatments that protect the seed during emergence and plant 
establishment. 
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Several seed quality tests are used to assess the germination and vigor of a seed 
lot. The standard germination test is the official test used for labeling seeds for sale. 
However, the standard germination test results are poor predictors of field 
emergence because the tests are conducted under favorable conditions for seed 
germination and growth (Shah et al., 2002). In contrast, seed vigor tests are 
conducted under stressful growing conditions, such as cold and wet planting 
conditions, or hot and -humid seed aging conditions. Testing seeds under these 
stressful conditions is very important to determine the seed lots' ability to have good 
performance and uniform emergence in the field. High vigor seeds are particularly 
important in the organic farming systems, where seeds are planted without seed 
treatment. Untreated seeds must have rapid seedling emergence in the field to 
avoid the detrimental effect of soil-borne pathogens. 
Seed vigor tests are important tools to assess the vigor of seeds produced in 
different environments (McDonald, 1998). The saturated cold test, for example, 
evaluates seed vigor by stressing the seed with low temperature and excessive 
moisture. The standard germination and the saturated cold are the most common 
tests used by the seed industry to assess seed quality. 
Other vigor tests are used by the seed industry to evaluate seed quality. Some of 
these tests are the accelerated aging test, the soak test, and the electrical 
conductivity test. The accelerated aging test mimics the normal deterioration 
processes associated with seed aging (Halmer, 2000). This test hastens the aging 
process of the seed by exposing it to high temperature and high relative humidity. A 
seed lot with high germination and high vigor will deteriorate at a slower rate than a 
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seed lot with high germination and low vigor. The final germination after aging of the 
high vigor seed lot will be higher than the low vigor seed lot. 
The anaerobic conditions created by a flood alter the respiration rates and metabolic 
processes in seeds. One of the most important effects of flooding is the reduction in 
field emergence caused by poor seed germination (Cerwick et al., 1995). When 
germination is affected by flooding, replanting is an option to reestablish a 
satisfactory stand in the field, however planting delays can affect production due to 
the shorter growing season. When a crop is replanted due to poor stand 
establishment, replanting with varieties of a shorter maturity cycle should be 
considered to avoid a possible reduction in yield. 
Electrical conductivity test (EC) is an indirect measure of the solutes leaking into the 
steep water. These solutes increase the ion concentration in the water and thus 
affect the electrical conductivity. The results from this test are an indication of the 
membrane integrity of the seeds. The higher the values of EC are, the greater the 
leakage of solutes by the seeds and the lower the seed vigor (Halloin, 1986). These 
poor vigor seeds can leak solutes into the surrounding soil at planting. This leaked 
sugars and ions modify the immediate environment around the seed increasing their 
vulnerability to pathogens. 
Seeds harvested at a moisture content of 400 g H2O kg-1 fw or higher are not at 
physiological maturity. Specific metabolic processes, such as the migration of lipid 
bodies to the plasma membrane, have not occurred. The lipid bodies migrate from 
the cytoplasm to align along the plasma membrane. Their function is to regulate 
water loss from the seed during and after maturation. If these lipid bodies are not 
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aligned properly, the cell membrane could collapse. The collapse of the cell 
membrane compromises the integrity of the cell and increases leakage of solutes, 
resulting in the loss of seed quality (Perdomo and Burris, 1998). The increase in cell 
leakage can be measured by an increase in the electrical conductivity of the steep 
water during seed imbibition. TeKrony &Hunter (1995) reported that maximum seed 
quality levels in seed corn occur immediately before physiological maturity and that 
seeds can be harvested at 400 g H2O kg-1 fw and artificially dried to approximately 
120 g H2O kg-1 fw for safe storage (Cordova-Tellez &Burris, 2002). 
Seeds can experience physical injuries due to rough handling during harvest, 
planting, transportation and improper storage conditions (McDonald, 1998). 
Mechanical damage to the seed pericarp also contributes to losses in seed quality. 
The fast green test is used to identify mechanical damage to the seed pericarp. The 
staining patterns enable the visual classification of the seeds based on the degree of 
mechanical damage. 
Seed production in organic conditions is an activity that is gaining importance 
because of the changing rules for organic production and also because it offers 
organic farmers the possibility of producing and keeping their own seed for the 
following crop with the use of open-pollinated varieties. Inbred lines are usually 
difficult to produce in organic conditions because of the lack of vigor throughout its 
development. Open-pollinated varieties are more vigorous and can represent an 
alternative to hybrids derived from inbreds (Goldstein, 2001). However, crop 
practices in the organic system are different than the conventional system, and they 
can affect seed quality. 
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The objective of this study is to determine if seed quality of high protein corn 
genotypes is affected by organic and conventional farming systems. 
Materials and Methods 
Origin of Maize Genotypes 
The germplasm included in this project were twenty high protein narrow-base 
synthetic genotypes and two public inbred checks, Mo17 and B73. High yielding 
lines that also had higher protein content from breeding crosses of a Chilean 
population (CH2M05015) with non-Stiff Stalk Corn Belt lines, from the U.S. 
Germplasm Enhancement of Maize project (GEM) were selected to make high 
protein synthetics. Synthetics are cross-pollinated varieties that present good 
combining ability when pollination occurs in the open (Van Bueren et al., 1998). 
In the nursery of 2001, in Ames IA, the selected GEM lines were crossed in paired 
rows and harvested as single ears. Protein content of the ears was analyzed by Near 
Infrared Reflectance (NIR) to select the materials for the next growing season. The 
selection was based on a minimum of 12.5% protein content. The top ten materials 
with the highest protein content ranging from 12.52% to 13.51 %were bulked to be 
recombined in the next year. During the year of 2002, in a winter nursery near 
Ponce, Puerto Rico, sib crosses were made of the bulked materials from 2001 and 
harvested as single ears. In 2003 and 2004 these materials were planted in the 
Ames, IA nursery to obtain seed for the seed quality experiments. 
Field Experiments 
The twenty genotypes were planted in two locations near Ames during the growing 
seasons of 2003 and 2004. One location was under conventional and the other 
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under certified organic farming systems. This classification was based on the type of 
fertilizer and methods of weed, disease and insect control used in crop production. 
While the conventional system made use of high inputs for production, such as 
synthetic fertilizers and other chemicals, the organic system did not use any 
synthetic products (Poudel et al., 2002). Table 1 shows the planting, pollination and 
harvest dates of the two-year experiments in the two locations (organic and 
conventional farms). 
Weeds were controlled with pre and post-emergence herbicides in the conventional 
system. A rotary hoe was used immediately after planting in the organic nursery and 
additional cultivation was conducted as necessary to control the weed pressure in 
both systems. Hand weeding was also used in the nurseries. 
All plants were self -pollinated by hand during the summer of the two years of the 
experiment to produce seed for the laboratory experiments. In the fall, when seeds 
reached black layer, plants from each row were harvested individually. However, 
because of a frost forecast in 2004, seeds from the organic nursery were harvested 
prematurely. In order to maintain the high quality of the seed, ears of the 
conventional and organic nurseries were dried immediately after harvest in 
experimental-size forced-air stack dryers (designed at the ISU Seed Science Center) 
at room temperature (25°C). Seed moisture was monitored every 24 hours until 
seeds reached a moisture content of 120 g H2O kg-' fresh weight (fw). 
Ears were mechanically shelled in an experimental-size shelter (Custom Seed 
Equipment, Model LS91, Altoona IA) with a rubber cylinder and concave to avoid 
mechanical damage. Seeds were stored in a 10°C and 50% relative humidity cold 
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room until being used in the laboratory tests. Tests were completed within 6 months 
of storage. 
Seed quality tests 
Standard Germination test 
Seeds were germinated on fiberglass trays (Hoffman Manufacturing Company, 325 
11 t" Ave. SE Albany, OR 97321). Seeds were planted on top of two sheets of crepe 
cellulose paper (KIMPAK, Kimberly Clark Corporation, Neenah, WI, shipped by 
Nationwide Paper Inc. PO Box 1345 Minneapolis, MN 55440) moistened with 825 ml 
of water using a watering table (Algona Food Engineering Company, 2400 Hwy. 18 
East Algona, IA 50511). Four samples of 100 seeds were planted on each tray. 
Samples were assigned to trays at random. Trays were placed inside carts 
(Lakeside Manufacturing Inc. 4900 West Electric Ave. West Milwaukee, WI 53219) 
separated by approximately 10 cm from each other. Carts with the trays were 
placed inside a growth chamber at constant 25°C and received 12 hours of 
fluorescent light per 24 hours for a period of 7 days. Evaluation of seedlings was 
done according to AOSA Rules for Testing Seeds (2005). 
Saturated cold test 
Plastic trays and support screens (Hoffman Manufacturing Company, 325 11 t" Ave. 
SE Albany, OR 97321) were used for the saturated cold test. One paper towel 
(Anchor Paper Company, 480 Broadway PO Box 65648 St. Paul, MN 55165) was 
wrapped around the support screen and other 2 paper towels were placed on top of 
the screen. One thousand ml of water were added to the tray. Sieved soil was 
sprinkled until paper towels were covered (AOSA Seed Vigor Testing Handbook, 
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1983). Trays were pre-chilled at 10 °C for 24 hours before planting. Six samples of 
100 seeds each were planted on each tray. The seed embryos were carefully turned 
facedown on the soil to increase stress. Trays were placed inside carts separated 
from each other by approximately 10 cm and placed in a 10°C constant temperature 
room for 7 days in the dark. After 7 days carts were moved to a constant 25°C 
growth chamber for 3 days and 24 hours of light. The percentage of normal 
seedlings was determined according to the AOSA Rules for Testing Seeds (2005). 
Accelerated aging 
Accelerated aging acrylic boxes (VW R Scientific, PO Box 66929 O'Hare AMF 
Chicago, IL 60666) with screens were used to age the seed. The boxes were filled 
with 40m1 of distilled water and the screen was replaced carefully to avoid splashing 
water on the screen. One hundred seeds per sample were placed on top of the 
screen and the lid of the box was closed. Boxes were incubated ire a 43°C chamber 
(Scientific, PO Box 66929 O'Hare AMF Chicago, IL 60666) for 72 hours (AOSA Seed 
Vigor Testing Handbook, 1983). Immediately after the aging period, all box lids were 
removed to stop the aging of the seed and samples were planted in a standard 
germination test and evaluated following the AOSA Rules for Testing Seeds (2005). 
Electrical Conductivity (EC) 
Samples of 100 seeds were weighted and placed in a beaker with 200 ml of distilled 
water. EC readings of the steep water were recorded at 6 hours and 24 hours after 
soaking. The EC was measured using a precision measuring instrument, the inoLab 
pH/Cond Level 1 (WTW Measurement Systems, Inc. 3170 Metro Parkway, Ft. 
Myers, FL 33916-7597). The cell constant was calibrated before each replication 
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using the control standard solution 0.01 mol/L of KCI (WTW Measurement Systems, 
Inc.). 
Soak test 
After the EC measurements were completed, the seeds from each entry were 
soaked in the same 200 ml of distilled water for an additional 24 h (for a total of 48 h) 
and then planted in the standard germination test. Seedlings were evaluated 
following the standard germination rules (AOSA, 2005). 
Fast green test 
Samples of 100 seeds were submerged in fast green solution for 30 seconds. A 
0.1 % fast green solution was prepared adding 1 g of FCF (Fisher Scientific, Fair 
Lawn, NJ 07410) to 1000 ml of water. After seeds were stained, they were rinsed 
with tap water, dried on top of paper towels at room temperature (approximately 
25°C) and evaluated under magnifying lens according with the procedures and 
evaluation criteria provided by the ISU Seed Testing Laboratory (2002). 
deed Composition 
Near Infrared Reflectance 
Seed protein and oil content was measured using an Infratec 1241 NIR bulk 
conveyor system (FOSS NIRSystems Inc. 7703 Montpelier Road Suite 1, Laurel, MD 
20723). Bulked samples from each entry were divided into three sub samples. Data 
were automatically recorded and analyzed based on moisture content of 155 g H2O 
kg-' fresh weight (fw). 
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Experimental Design 
Field experimental plots were completely randomized and lines had two replications 
in the field. Each replication consisted of two rows of eighteen seeds each. 
Laboratory experiments were conducted in RCB with two replications. Data were 
statistically analyzed using the SAS 9.1 TS software (licensed for Iowa State 
University). Data from laboratory experiments; standard germination, saturated cold 
test, accelerated aging, soak test, fast green, electrical conductivity and protein and 
oil content were analyzed by year, location and genotype effects. 
Results and Discussion 
The field conditions at planting in the organic and conventional nurseries in 2003 
were optimal. In 2004, excessive rain fall in early spring contributed to a 30 day 
delay in planting date of the organic with respect to the conventional nursery. In 2003 
the conventional and organic experiments accumulated similar number of growing 
degree days (GDD base = 50) from planting to harvest, 2382 and 2353 respectively. 
However, there was a big difference between GDDs accumulated in the conventional 
system (2372) and the organic system (2015) in 2004. The lower GDDs in the 
organic system in 2004 were due to delayed planting due to excessive rainfall in the 
spring and early harvest due to the threat of an early fall frost. In order to avoid the 
detrimental effects of a frost on seed quality, ears from the organic nursery in 2004 
were harvested prematurely. 
Table 2 shows precipitation accumulation in 2003 and 2004 for the organic and 
conventional experiments. Precipitation during 2004 was better distributed than in 
2003. In 2003 experiments had 46 stress degree days (base = 86) with a greater 
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impact during seed development, while in 2004 both experiments had only 3 stress 
degree days before pollination. 
There was a significant interaction between genotype x year (P< 0.0001) for seed 
quality, thus years were analyzed separately. The significant differences in seed 
quality associated to the year effect were likely the consequence of the weather 
differences during 2003 and 2004. These results emphasize the importance of 
weather conditions, such as excessive spring rain and increased risk of an early fall 
frost due to delayed planting, when producing seeds in an organic production 
system. Table 3 shows the probability of a frost occurrence (< 33° F and < 29° F) 
during fall months in Ames, IA. 
Standard germination test 
There were significant differences (P< 0.05) in germination percentages for seeds 
from the organic and conventional systems in 2003 and 2004 (Table 4). Both, 
location and genotype were significant, but the L x G interaction was not significant 
for both years. Germination percentages of seeds produced in a conventional 
system were 80.05% in 2003 and 89.30% in 2004. These mean germination values 
were higher than the germination percentages of seeds produced in an organic 
system, 75.68 and 87.59% in 2003 and 2004 respectively (Table 5). The lower 
germination percentages in seeds harvested in the organic nursery in 2004 could be 
partially attributed to the premature harvest of immature seeds. However, the seed 
produced in the organic system in 2003 also germinated lower than seed produced 
in the conventional system. These seeds were harvested at physiological maturity 
as determined by milk line and black layer formation. These findings suggest that 
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other factors, such as crop conditions during the growing season, soil fertility and 
nutrient availability during the crucial phases of seed development and maturation 
may have influenced seed quality. 
The mean germination percentage of the 20 genotypes (77.36%) was not 
significantly different (P< 0.05) from the germination percentage of the inbred checks 
B73 (83.13%) and Mo17 (82.63%) in 2003. However, the mean germination 
percentage of all 20 genotypes (88.72%) was significantly higher (P< 0.05) than the 
check Mo17 (81.63%) in 2004 (Table 5). These results indicated that the genotypes 
in 2003 had similar germination potential than the inbred checks and better 
germination potential than Mo 17 in 2004. B73 and Mo17 are well established lines 
adapted to the growing conditions in Iowa. It is important that the selected 
genotypes have good seed germination, similar to that of the checks. 
Saturated cold test 
There were significant differences (P<0.05) for genotype and location in seeds 
produced in the organic and conventional systems for 2003 and 2004. The 
interaction between location and genotype for 2003 and 2004 was not significant, 
which allowed the effects of genotypes and environments to be discussed 
independently. The mean saturated cold test for seeds in the conventional system 
was 90.84°/o in 2003 and 87.49% in 2004. The mean saturated cold test percentages 
for seeds in the organic system in 2004 (68.67%) was significantly lower than in 
2003 (85.22°/o) (Table 5). This lower germination percentage in 2004 could be 
partially attributed to harvesting the seed prematurely to avoid an early fall frost in 
2004. Materials were harvested at moisture ranging from 430 g H2O kg-1 fw to 520 g 
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H2rJ kg-1 fw, before the seeds achieved desiccation tolerance. Some materials with 
a longer seed development and maturation requirement were too immature to 
achieve desiccation tolerance during artificial drying (Cordova-Tellez &Burris, 2002). 
Comparisons between the mean of the 20 genotypes (88.53%) and the inbred 
checks were significant (P<0.0363) only for B73 (82.63%) in 2003 (Table 6). These 
results indicated that, under normal growing conditions the seed quality of the 
selected genotypes was higher than that of the adapted checks. 
Accelerated aging 
There were significant (P<0.05) differences in the percentage of normal seedlings 
after aging at different locations and for genotype in 2003 and 2004 (Table 4). The 
interaction between L x G was significant (P<0.05) in 2003 and not significant 
(P<0.05) in 2004. Results indicated that seeds produced in a conventional system 
had a higher accelerated aging percentage (87.71 %) than the seeds produced in an 
organic system (72.96°/o) in 2003 (Table 7). The accelerated aging percentages of 
the genotypes were not different (P<0.05) from the inbred checks in the conventional 
system in 2003, but they were significantly (P<0.05) higher than the inbred checks in 
the organic system (Table 7). These are promising results as they indicate that, 
under normal growing conditions, the selected genotypes had higher seed quality 
than the inbred checks. In 2004 the accelerated aging percentages were lower than 
in 2003 (Tables 6 and 7). These results seem to emphasize the negative impact of 
harvesting immature seeds. Previous work also repotted a correlation between low 
seed vigor as determined by the accelerated aging test and seed immaturity (Shah 
et al., 2002). 
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Soak test (ST) 
The germination percentage of seeds soaked in water for 24 hours showed that L x 
G interactions were significant (P< 0.05) in 2003 and 2004 (Table 4). In the 
conventional system, mean values of the 20 genotypes were 90.52% and 91.20% 
and in the organic system they were 80.28% and 74.98% for 2003 and 2004 
respectively (Table 7). There were significant differences between the mean soak 
test percentage of the 20 genotypes produced in the organic system with B73 and 
Mo17. In 2003, B73 soak test percentage was 74.50% (P<0.05) and, 86.25% 
(P<0.001) in 2004. The soak test percentage of Mo17 was 69% (P<0.0065) in 2003 
and was not significantly different (P< 0.05) from the 20 genotypes in 2004. In the 
conventional system only Mo17 had a significantly (P<0.0001) lower soak test 
percentage than the 20 genotypes. Mo17 values were 72.5% and 67.25% in 2003 
and 2004, respectively. The comparisons between the mean soak test percentage of 
the 20 genotypes and the check inbreds are shown in Table 7. Lerwick et al. (1995) 
reported that flooding tolerance is partially related on genetic background. Our 
results suggest that high protein genotypes might have a better tolerance to flooding 
conditions than Mo17, while B73 showed similar values to the 20 genotypes. 
Electrical Conductivity (EC) 
There were significant L x G interactions for electrical conductivity in 2003 (Table 8). 
Tables 9 and 10 show the EC and P values for 2003 and 2004. The mean EC value 
for the 20 genotypes in the conventional system was 7.96 µSg-1 and in the organic 
system 10.10 µSg-'. In the conventional system, the EC value of B73 was similar to 
the genotypes and Mo17 had a significant (P<0.0008) higher EC value of 9.67 µSg-1 
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in 2003. In the organic system the EC of the inbreds were significantly higher for B73 
(15.27 µSg-1) and Mo17 (11.64 µSg-1) (Table 10). In 2004 the EC of the genotypes 
and the checks were not significantly different at the P<0.05 (Table 9). EC increases 
as seed quality decreases. A higher EC in the adapted inbred checks and the 
genotypes indicated that the seed quality in the organic system could be associated 
with environmental factors such as soil fertility and disease and wed management. 
The EC values were higher in 2004 than in 2003. These results corroborate that 
harvesting the seeds early while they were immature negatively impacted seed 
quality. These findings also highlight the importance of early planting when 
producing seeds for the organic as well as the conventional system to avoid the risks 
of an early frost or the need for premature harvest. 
Fast green test 
The L x G interaction was not significant (P< 0.05) in both years and location but the 
genotype effects were significant (P< 0.05) (Table 8). The level of physical damage 
to seeds as determined by the fast green test ranged from 0% to 30%, (Table 9). 
Fast green values for 2003 and 2004 were similar. In 2003 the mean of 20 
genotypes was 77.49%, significantly higher than B73 (69.75%) and lower than Mo17 
(88.25%). In 2004 the mean of the 20 genotypes was 80.32%, significantly higher 
than B73 (72.75%) and lower than Mo17 (86.50%). P values are shown on Table 9. 
Seeds were hand harvested and shelled with laboratory equipment to minimize seed 
damage so differences in fast green results in our case are likely to be the results of 
pericarp such as thickness or tolerance to abrasion. High seeds sometimes are dried 
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too fast and show cracks in the pericarp due to moisture stress in the endosperm 
(Hawkins et al., 2005). Improper seed drying increases the susceptibility of the 
seeds to physical damage during handling. 
Seed Composition 
Near Infrared Reflectance 
The protein content among genotypes was significantly different for both years and 
in both farming systems (Table 11). But the protein content was not significantly 
different between locations. Mean seed protein in the conventional system was 
11.57% and in the organic system was 11.62% in 2003 and in 2004 they were 
10.41 % and 10.55% respectively. Location and L_ x G interactions had no effect on 
protein content suggesting that selection for high protein can be done in either 
environment (conventional or organic). 
Oil content was affected by location and genotype (P< 0.05) (Table 11). The oil 
content of seeds produced in an organic system was significantly higher (P< 0.05) 
than in a conventional system in both years of production. In 2003 the oil content in 
the conventional system was 4.49% and in the organic system was 4.19%. In 2004, 
percentage of oil content in the conventional system was 3.70% and in the organic 
system 3.86%. (Table 12). Thus, farming system where seeds are produced did not 
influence protein content but did influence oil content. 
Conclusions 
The standard germination and saturated cold test indicated that genotype and 
environment where seeds were produced affected seed quality. The germination and 
saturated cold test percentages of seeds produced in the organic farming system 
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were lower than for seeds produced in the conventional system. These lower 
standard germination and saturated cold test percentages could be attributed, in 
part, to the early harvest of the materials in 2004 to avoid freezing injury of the seed 
in the field. However, the seed quality was lower in 2003 than in 2004. These results 
highlight the importance of additional environmental differences between a 
conventional and an organic production system, such as weed and insect pressure 
or nutrient availability. The interaction between location and genotype were not 
significant in 2003 and 2004. Thus, the relative seed quality ranking of the 
genotypes was consistent in the conventional and organic production systems. 
These results indicate that selection of high seed quality genotypes for the organic 
system can be accomplished in the conventional system. 
There were not significant differences in the level of mechanical damage in the 
seeds in both years and environments. The fast green test confirmed that harvest, 
drying, shelling and handling of the seeds was made properly. 
In 2004 the accelerated aging test percentages were lower and the electrical 
conductivity test results were higher than in 2003. The lower percentage could be 
associated to the negative impact of harvesting seed very early when they were still 
immature. 
The high protein genotypes had a higher soak test percentage than the inbred 
checks. The Soak test results suggested that the 20 high protein genotypes had a 
better adaptation to flooding than did Mo17. Genotype influences the protein and oils 
content of the seed. Protein was unaffected by environment where seeds were 
grown, but oil content depended on environment. The oil content of seeds produced 
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in the organic system was significantly higher than in the conventional system. This 
is important when selecting high protein lines in a conventional system as protein 
content will remain high when lines are transferred to the organic farming system. 
References 
Association of Official Seed Analysts (AOSA) Rules for Testing Seeds, 2005. 
Association of Official Seed Analysts (AOSA) Seed Vigor Testing Handbook, 1983. 
ATTRA, the National Sustainable information Service. By Katherine L. Adam. 2005. 
Seed production and variety development for organic systems. 
Lerwick, S. F., B. A. Martin, and I. D. Reding.1995. The effect of carbon dioxide on 
maize seed recovery after flooding. Crop Science 35:1116-1121. 
Cordova- Tellez, Leobigildo and Joseph S. Burris. 2002. Embryo drying rates during 
the acquisition of desiccation tolerance in maize seed. Crop Science 42:1989- 
1995. 
Golstein, Walter. 2001. Developing open-pollinated corn varieties for organic 
farmers. Organic Farming Research Foundation Project Report # 99-52. Michael 
Fields Agricultural Institute. 
Halloin, J. M., 1986. Seed improvement through genetic resistance to pathogenesis 
In Physiological-pathological interactions affecting seed deterioration, CSSA 
Spec. Pub. No. 12. 
Halmer, P. 2000. Enhancing seed performance. p. 257-283. In Black, M. and J.D. 
Bewley (ed.) Seed Technology and its biological basis. CRC Press LLC, Boca 
Raton, Florida, USA. 
Hawkins, L., Gary Windham, William Williams. 2005 Enhancing corn with resistance 
29 
to aflatoxin contamination and insect damage. USDA-ARS Research 
Publications. 
Hoegemeyer, T.C. and T. J. Gutormsen. 2000. Identifying maize inbreds with 
inherently better seed quality. In Genetic Improvement of seed quality. CSSA 
Spec.Pub1.31.CSSA, Madison, WI. 
Iowa State University Extension. 1992. Fast Green test for corn. Seed Testing 
Laboratory,Seed Science Center 
McDonald, Miller B. 1998. Seed quality assessment. Seed Science Research 8: 265-
275. 
Munamava, M.R., Susana Goggi, and Linda Pollak. 2004. Seed quality of maize 
inbred lines with different composition and genetic backgrounds. Crop Science 
44: 542-548. 
Perdomo, Antonio, and Joseph Burris. 1998. Histochemical, physiological, and 
ultrastructural changes in the maize embryo during artificial drying. Crop Science 
38:1236-1244. 
Poudel, D. D., W. R. Horwath, W. T. Lanini, S. R. Temple, and A. H. C. Van 
Bruggen. 2002. Comparison of soil N availability and leaching potential, crop 
yields and weeds in organic, low-input and conventional farming systems in 
northern California. Agriculture Ecosystems and Environment 90: 125-137. 
Shah, Fawad S., Clarence E. Watson, and Edgar R. Cabrera. 2002. Seed vigor 
testing of subtropical corn hybrids. Mississipi Agricultural &Forestry Experiment 
Station, Research Report vol. 23 No. 2. 
30 
TeKrony, D. M., J. L. Hunter. 1995. Effect of seed maturation and genotype on seed 
vigor in maize. Crop Science 35:857-862. 
Van Bueren, E. T. Lammerts, M. Hulsher, J. Jongerden, M. Haring, J. Hoogendoorn, 
J. D. Van Mansvelt, G. T. P. Ruivenkamp. 1998. Sustainable organic plant 
breeding —subproject 1, discussion paper: defining a vision and assessing 
breeding methods. Louis Bolk Institute, Netherlands. 
31 
CHAPTER 3. GENERAL CONCLUSIONS 
General Discussion 
Environmental conditions can play a major role in seed quality, specially in organic 
production. Planting time is one of the factors that indirectly affect seed quality in this 
study. Organic seed producers have to delay their planting dates to avoid low soil 
temperatures and pollen contamination. In the Midwest, planting delays can be 
aggravated with spring rainfall. When corn is planted late, seeds reach critical 
stages of seed development and maturation during months of higher risk for an early 
frost event in the fall. Freezing can damage immature seed. Thus, to preserve the 
high quality of seeds, harvest must be completed before the first hard freeze. In an 
organic farming system, seed quality is crucial to a good stand in the field. In 2004 
seeds were harvested prematurely due to a frost forecast. Seed corn harvested at 
400 g H2O kg-' fw is not physiologically mature, but the seed vigor has reached its 
maximum levels. Proper drying conditions, however, can preserve high seed quality 
in corn (Cordova-Tellez &Burris, 2002). Seeds harvested at higher moisture levels 
(500 g H2O kg-1 fw and higher) are too immature to safely dry artificially, even when 
they are dried under ideal conditions. In our study these immature seeds have higher 
solute leakage as determined by a high electrical conductivity value and lower kernel 
weight. The electrical conductivity test is a good indicator of seed vigor losses due to 
maturity factors (Wilson & Trawatha, 1991). 
Standard germination tests had lower values in 2003 than in 2004 in the organic and 
conventional systems; however interactions of location and genotype were not 
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significant. On the other hand, the saturated cold test had higher percentage values 
in 2003 than in 2004. The interaction between genotype and location for saturated 
cold test was also non significant. These results confirm that additional factors, such 
as soil fertility and insect pressure, also influenced seed quality. A higher supply of 
nitrogen in maize has a positive influence on yields and grain quality, and increases 
protein content in the grain and seeds. Standard germination and saturated cold 
tests are the tests used in the seed industry to determine seed quality. The L x G 
interaction was not significant for both tests. These results are very encouraging 
because the materials had a relatively similar performance across environments. 
Thus selection for improved materials for the organic farming system can be done in 
a conventional farming system. Value-added lines from the conventional nursery will 
perform well under organic farming practices. 
The soak test germination percentage was consistently higher in the conventional 
system than in the organic system. Seeds produced under organic farming practices 
had lower vigor as estimated by the saturated cold test. These lower vigor seeds 
also have lower tolerance to flooding in the soak test. However, the high protein 
genotypes had higher soak test percentage and thus better tolerance to flooding 
than the inbred checks. 
The accelerated aging test percentage was lower in the organic system in 2003 and 
overall in 2004. Selecting for early seed maturation and genetic adaptation to shorter 
growing cycles should be one of the breeding goals when developing organic 
varieties. Architecture of the plants, morphology and development of the root system 
to improve nitrogen, and nitrogen use efficiency (Hire et al., 2001; Stitt et al., 2002) 
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are other important characteristics to consider in a breeding program for organic 
seed and grain production. However in conditions where plants have to adapt to a 
shorter growing season due to delayed planting it is very important to minimize the 
sources of stress to the crop. There should be timely control of weeds and insects, 
and proper management of the nutrient supply (Nielsen et al., 2002) to assure 
maximum use of the growing season to complete the development of seeds before a 
frost. 
Protein content was not affected by the production system used or location. The 
selection of high protein genotypes is advantageous because high protein is related 
to high seed quality (Munamava et al., 2002). High protein content in grains 
produced under the organic system adds more value to the product. Uribelarrea et 
al. (2004) found that abundant nitrogen supply stimulated protein synthesis in high 
protein genotypes. However, because nitrogen level had a negative correlation with 
yield, selection to increase yield of high protein genotypes should be based on 
number of kernels per ear. 
In conclusion, corn varieties for organic seed production need to be improved in 
order to produce seeds with comparable quality to seed produced under a 
conventional system. High quality seeds will ensure a successful stand 
establishment under a wide range of field conditions. Adapted varieties to the 
organic conditions represent one way to achieve better quality. Other options to 
explore in the future are improved seed treatments for organic production and 
genetic materials not receptive to foreign pollen, allowing farmers and seed 
producers to plant at the normal time. 
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Tables 
Table 1. Planting, pollination and harvest dates of experiments during 2003 and 
2004 in the organic and conventional systems. 
2003 Conventional Organic 
Planted May 18th May 28th
Pollinated July 28th to August 4th August 7th to August 14th
Harvested September 19th September 30th
2004 Conventional Organic 
Planted May 7th June 7th 
Pollinations July 23rd to July 29th August 14th to August 20th
Harvested September 24th September 30th 
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Table 2. Growing degree days, precipitation and stress degree days of experiments 
during 2003 and 2004. 
Growing Degree 
Days (base=50) 
Precipitation 
(inches) 
Stress Degree 
Days (base=86) 
2003 
Conventional 2382 8.66 46 
Organic 2353 10.17 46 
2004 
Conventional 2372 17.68 3 
Organic 2015 10.55 3 
Source: Iowa Environmental Mesonet, Iowa State University Department of 
Agronomy. http://mesonet.agron.iastate.edu 
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Table 3. Probability of a frost occurrence in Ames, IA during fall months, based on 
data collected from 1951 to 2005. 
Date < 33 degrees F 
(/) 
< 29 degrees F 
(%) 
September 
16 1 0 
20 7 0 
24 15 3 
28 29 5 
October 
02 43 12 
06 63 21 
10 74 30 
14 81 43 
18 85 53 
22 91 64 
Source: Iowa Environmental Mesonet, Iowa State University Department of 
Agronomy. http://mesonet.agron.iastate.edu 
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Table 4. Significance table for the percentage of normal seedlings in the standard 
germination, saturated cold test, accelerated aging and soak test of 22 corn 
genotypes harvested in 2003 and 2004 in two locations (conventional and organic). 
SEED QUALITY TESTS 
Standard 
Germination 
Saturated 
Cold Test 
Accelerated 
Aging 
Soak Test 
2003 P value 
Genotype 0.0033 <.0001 <.0001 <.0001 
Location <.0001 <.0001 <.0001 <.0001 
Genotype x Location 0.1207 0.4703 0.0004 0.0056 
2004 
Genotype <. 0001 <. 0001 <. 0001 <. 0001 
Location 0.0484 <.0001 <.0001 <.0001 
Genotype x Location 0.1005 0.0759 0.2316 <.0001 
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Table 5. Means standard germination (SG) and saturated cold test (SCT) 
percentage of 22 corn genotypes harvested in two locations (conventional and 
organic) for 2003 and 2004. 
SEE® C~UALITY TESTS* 
SG SCT 
2003 
Conventional 80.05 90.84 
Organic 75.68 85.22 
LSD~o.oS~ 2.86 2.81 
2004 
Conventional 89.30 87.49 
Organic 87.59 68.67 
LSD~o.oS> 1.68 2.30 
* Means within a column are significantly different at the 0.05 level of probability if 
their difference exceeds the LSD~o.oS~ 
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Table 6. Mean comparison among the standard germination (SG), saturated cold 
(SCT) test and accelerated aging (AA) overall mean of 20 genotypes versus the 
mean of the check inbred lines B73 and Mo17 harvested in two locations during 
2003 and 2004. 
SEED QUALITY TESTS 
SG SCT AA 
2003 
Mean of 20 
genotypes 
77.36 88.53 ~ 
B73 83.13 82.63 ~ 
P va I ue 0.0963 0.0363 —
Mo17 82.63 83.38 ~ 
P value 0.2102 0.1307 —
2004 
Mean of 20 
genotypes 
88.72 78.03 69.03 
B73 89.75 80.50 76.50 
P value 0.6197 0.3828 0.0297 
Mo17 81.63 76.00 65.00 
P value 0.0008 0.4 709 0.2375 
Location x Genotype interactions for AA in 2003 were significant 
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Table 7. Mean comparison among the accelerated aging (AA) and soak (ST) test 
overall mean of 20 genotypes versus the mean of the inbred check lines B73 and 
Mo17 harvested in two locations during 2003 and 2004. 
Conventional Farm Organic Farm 
SEED QUALITY TESTS 
AA ST AA ST 
~/a ---
2003 
Mean of 20 
genotypes 
87.71 90.52 72.96 80.28 
B73 93.00 88.75 69.00 74.50 
P value 0.2420 0.5440 0.0011 0.0500 
Mo17 91.25 72.50 55.00 69.00 
P value 0.4331 < .0001 0.0050 0.0065 
2004 
Mean of 20 
genotypes 
~ 91.20 ~ 74.98 
B73 ~ 88.75 ~ 86.25 
P value - 0.4679 - 0.0011 
Mo17 ~ 67.25 ~ 68.50 
P value - < .0001 - 0.0560 
Location x Genotype interactions for AA in 2004 were non significant. 
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Table 8. Significance table for the percentage of low or no damaged seeds in the 
fast green test, electrical conductivity values and weight of 100 kernels in grams of 
22 corn genotypes harvested in 2003 and 2004 in two locations (conventional and 
organic). 
SEED QUALITY 
TESTS 
Fast Green Electrical 
Conductivity 
Weight 100K 
P value 
2003 
Genotype <. 0001 <. 0001 0.2091 
Location <.0001 <.0001 <.0001 
Genotype x Location 0.8542 <.0001 0.0234 
2004 
Genotype <. 0001 <. 0001 <. 0001 
Location 0.0001 <.0001 <.0001 
Genotype x Location 0.3980 0.3513 0.0002 
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Table 9. Mean comparison among the fast green test (FG), electrical conductivity 
(EC) and weight of 100 kernels (Wt) overall mean of 20 genotypes versus the mean 
of the check inbred lines B73 and Mo17 harvested in two locations during 2003 and 
2004. 
SEED QUALITY TESTS 
FG 
o/a
E C 
µSg
-1
Wt 
g 
2003 
Mean of 20 
genotypes 
77.49 ~ ~ 
B73 69.75 s s
P value 0.0106 — —
M o 17 88.25 ~ ~ 
P value 0.0036 — —
2004 
Mean of 20 
genotypes 
80.32 12.14 ~ 
B73 72.75 11.50 ~ 
P value 0.0076 0.5104 —
M o 17 86.50 13.58 ~ 
P value 0.0285 0.1368 — 
Location x Genotype interactions for EC and Wt 2003 and Wt 2004 were significant 
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Table 10. Mean comparison among the electrical conductivity (EC) and weight of 
100 kernels (Wt) overall mean of 20 genotypes versus the mean of the inbred check 
lines B73 and Mo17 harvested in two locations during 2003 and 2004. 
Conventional Farm Organic Farm 
SEED QUALITY TESTS 
EC 
µSg-1 
Wt 
g 
EC 
µSg-1 
Wt 
g 
2003 
Mean of 20 
genotypes 
7.96 31.51 10.10 31.92 
B73 8.60 22.66 15.27 20.98 
P value 0.1997 <.0001 <.0001 <.0001 
Mo17 9.67 29.32 11.64 31.24 
P value 0.0008 0.297 0.0283 0.6248 
2004 
Mean of 20 
genotypes 
~ 33.55 ~ 23.53 
B73 ~ 26.33 ~ 21.04 
P value - <.0001 - 0.0059 
Mo17 ~ 36.76 ~ 21.70 
P value - 0.0005 - 0.0418 
Location x Genotype interactions for EC test in 2004 were non significant. 
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Table 11. Significance table for protein and oil content in percentage in seeds of 22 
corn genotypes harvested in 2003 and 2004 in two locations (conventional and 
organic). 
SEED COMPOSITION 
Protein Oil 
2003  P value 
Genotype 0.0004 <. 0001 
Location 0.7753 <.0001 
Genotype x Location 0.1631 0.4232 
2004 
Genotype <. 0001 <. 0001 
Location 0.1176 <.0001 
Genotype x Location 0.9771 0.0695 
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Table 12. Means seed protein (P) and oil (0) content in percentage in seeds of 22 
corn genotypes harvested in two locations (conventional and organic farm) for 2003 
and 2004. 
SEED COMPOSITION* 
P O 
2003 
Conventional 11.57 4.19 
Organic 11.62 4.49 
LSD~o.oS~ 0.07 
2004 
Conventional 10.41 3.70 
Organic 10.55 3.86 
LSD~o.oS> 0.06 
* Means within a column are significantly different at the 0.05 level of probability if 
their difference exceeds the LSD~o.oS~ 
